Electron microscopic study of the canine transmissible venereal sarcoma (N = 26) at different stages of growth showed that tumors in a progressive phase of growth (N = 12) were comprised mostly of large, round cells with prominent nuclei and nucleoli, a few spindle-shaped cells and collagen fibers, focal areas of necrosis, and lymphocyte infiltrates. Regressing tumors (N = 9) had the fewest viable round cells, greater numbers of infiltrating leukocytes, and were comprised almost entirely of connective tissue (collagen bundles) in the latest stages of regression. The infiltrating leukocytes consisted primarily of lymphocytes, some eosinophils, and neutrophils, but very few macrophages.
Canine transmissible venereal sarcoma, also called transmissible venereal tumor of dog and Sticker's sarcoma, is a naturally occumng round cell neoplasm of the genital tracts of male and female dogs. Although normally transmitted through coitus, tumors may be induced experimentally by inoculation of viable tumor cells into normal, non-preconditioned dogs. In either neonatal or immunosuppressed dogs, this sarcoma usually grows vigorously and meta~tasizes,~.~~ but the histogenic origin and the etiology of the tumor is unknown. Although cytoplasmic inclusions, annulate lamellae, and dense crystalline arrays associated with virus infections" have been observed in this sarcoma,6, 19.21 attempts to transmit the tumor by means of cell-free filtrates have been inconclusive. 157 30 Leukocytic infiltration in the tumor has been described since 1908,4.33.38 however, its role in progressive growth and spontaneous regression of the tumor is not established. We report on the ultrastructural relationship between infiltrating leukocytes and tumor cells in dogs with progressively growing, steady-state, and regressing tumors.
Materials and Methods
A natural transmissible venereal sarcoma obtained from the U.S. Virgin Islands (T. J. Yang, personal observation) and a laboratory transmissible venereal sarcoma line originated in Tennessee36 were used in this experiment. For transplantation, 1 x lo8 viable tumor cells were inoculated subcutaneously into the dogs in the interscapular region. Prior to excision, tumors were judged progressive, steady-state, or regressing by comparing current measurements of the tumor volume to the previous week's value^.^ Tumor volume was determined by measuring length, height, and width of the tumor at weekly intervals.
Twenty-five normal, non-preconditioned dogs ( 16 beagles, 5 Labradors, and 4 mixed breed; 19 male and 6 female) three to seven months of age, from a closed colony of dogs at the University of Connecticut's Department of Pathobiology, were used in this study. In addition, a natural tumoP in an adult male was included.
All the dogs developed a tumor at the site of inoculation after two weeks, and the tumor growth status was monitored by weekly measurements of the tumor for up to four months.
Portions of each tumor were fixed in cold 4% glutaraldehyde in 0.1 M Sorensen's phosphate buffer,I8 pH 7.2. After one-half hour, the tissue was cut into 1.0-mm cubes and allowed to fix from several hours to overnight. The cubes then were washed in the same cold buffer, post-fixed in 2% osmium tetroxide in buffer for two hours, washed in distilled water, dehydrated in graded ethanols, and embedded in Epon-Araldite (Ladd Research Industries, Burlington, Vt.)?* Semi-thin sections ( I pm) were stained with toluidine blue and optimal areas for thin sections were selected. Thin sections were stained in uranyl acetate and Reynolds' lead &rate2' and examined in an electron microscope. For light microscopy, areas of the tumor adjacent to the sections pre-pared for electron microscopy were fixed in phosphate buffered 10% formalin and stained with hematoxylin and eosin.
Results
Twelve progressively growing tumors, including one natural tumor, weighed 29.5 to 406 g, with a mean of 156.7 f 37.7 g. They were obtained 44 to 122 days after transplantation. All had some degree of leukocytic infiltrate and had necrotic areas surrounded by healthy appearing tumor cells. Although some tumors grew much slower than others, weekly measurements increased continually until removal. Larger tumors often ulcerated through the overlying skin and had to be excised for humane reasons.
By light microscopy, most of the volume of the tumors appeared to be composed of masses of closely packed, rounded cells with distinct boundaries. As many as five mitotic figures per high power field ( 4 0 0~) could be counted. A few spindle-shaped cells also were seen, usually accompanied by small amounts of collagen ( fig. 1, inset) . The nuclei of round cells were large and primarily had a clumped chromatin pattern. A large, eccentrically placed nucleolus often was present. A few infiltrating mononuclear cells could be seen scattered among the round tumor cells. In semi-thin sections stained with toluidine blue, the growing tumor cells appeared in nests of 10 to 15 cells surrounded by thin laminae of connective tissue.
Immediately adjacent to those portions of the tumor just described, there were foci of lymphocytes, plasma cells, and polymorphonuclear cells. An increase in numbers of spindle-shaped cells and collagen bundles also were present. The few round cells in these areas usually were degenerative in appearance. Vessels could be seen throughout the tumor.
Ultrastructurally, round cells had plasma membranes which were thrown into numerous microvilli and filopodia-the latter were more evident in areas where cells were packed loosely ( fig. 1 ). Their cytoplasm was rich in rough and smooth endoplasmic reticulum, free ribosomes, mitochondria, Golgi's complexes, and inclusions, such as lipid droplets and glycogen. The nucleolus often was resolved into two distinct components, nucleonema and pars amorpha. These components were wholly separate from one another in numerous cells. Nuclei of many round, as well as spindle-shaped, cells contained numerous perichromatin and interchromatin granules'* ( fig. 1 ).
Most of these cells appeared to have active metabolism and synthetic activity. Occasional cells had signs of increased protein synthesis extensive enough to involve the nuclear membrane which became distended ( fig. 2 ). The nuclear membrane and adjacent rough endoplasmic reticulum were filled with moderately electron-dense material. Mega-mitochondria were observed also in these cells in a few instances.
Mitochondria were both pleomorphic and numerous, up to 25 per cell in thin sections. Many had cristae that appeared vesiculated such as in steroid-producing cells.28 Small dumbbell-shaped lysosomes measuring approximately 0.3 pm usually were present. Numerous small vesicles of various electron densities were seen in close association with the Golgi's complexes, fitting the size and descriptions of transfer vesicles. Cytosomes which contained multiple concentric laminae of various sizes often 'were seen, as were large, clear membranebound vacuoles with irregular dense deposits around the inner aspect of their membranes. Some cells contained annulate lamellae with clear 1.0 to 2.0 pm diameter vacuoles in close association with them ( fig. 3) . Annulate lamellae complexes were seen only in round cells of progressing tumors at 33 to 84 days.
Steady-state tumors were defined as those with no increase or decrease in volume for at least one week. Five tumors, weighing 5.2 to 64.4 g, with a mean of 26.2 f 11.85 g, obtained 63 to 118 days after transplantation were studied.
At light microscopy, steady-state tumors had more regions of necrosis and greater infiltration by leukocytes than progressing tumors. More fibroblastic cells, accompanied by increased amounts of connective tissue, were seen. Table I provides a semi-quantitative description of round cell to spindle cell ratio, degree of mitotic activity, and collagen in the tumor mass in dogs with transmissible venereal sarcoma at different stages of growth.
The mononuclear cells came from normal tissue surrounding the tumor mass. Mononuclear cells could be seen in lines of 12 or so cells which seemed to follow strands of collagen and spindle cells through the tumor ( fig. 4, inset) .
Throughout the steady-state tumors, nests of viable, dividing tumor cells could be found immediately adjacent to areas which were degenerating and heavily infiltrated with leukocytes.
Steady-state tumors had a number of cells that were transitional in shape between round cells and fibroblastic cells. These cells had partially elongate nuclei and cell bodies. The cisternae of the rough endoplasmic reticulum were filled with moderately electron-dense material, indicative of synthetic activity. Their micro- villi were similar structurally to the round-cell type, but generally were fewer in number ( fig. 4) .
Fibroblastic or spindle-shaped cells were elongatedup to 35 mm through the long axis ( fig. 4) . Some small microvilli were present, although the contours of these cells were smooth. Many bundles of collagen fibrils were seen adjacent to the plasma membrane of these cells, which also had small microvilli. An extensive system of rough endoplasmic reticulum, Golgi's complexes, and mitochondria filled their cytoplasm, but there were few intermediate filaments of microfilaments. Nuclei also were smooth and elongated.
In areas where tumor cells were packed less densely, round cells displayed dramatic increases in the number and length of their cytoplasmic projections, many of which appeared detached from cells. The term "filopodia"" will be applied to these long (up to 3 pm) processes ( fig. 5 ).
Regressing tumors were those demonstrating an overall decrease in volume over at least a seven-day period. Nine tumors weighing 0.2 to 45 g, with a mean of 10.98 k 4.58 g, obtained 33 to 102 days after inoculation were studied.
Early regressing tumors had many infiltrating leukocytes, masses of acellular connective tissue, and multiple necrotic regions. Few regions containing healthy appearing and dividing tumor cells were seen in regressing tumors, and these became increasingly scarce further into regression. The few macrophages that were seen in these tumors were associated frequently with other leukocytes-primarily lymphocytes.
There was increased deposition of collagen which isolated cells from each other. Only a few round cells retained ultrastructure similar to their counterparts in rapidly progressing tissue. Many round cells had been transformed to foamy cells in which there were large dense vacuoles resembling autophagosomes. These vacuoles were quite characteristic in structure, membranebound, and moderately electron-dense, with a granular matrix and irregular whorls of membranous material. Some vacuoles reached several micrometers in diameter ( fig. 6 ).
Many fibroblastic cells contained intracellular collagen ( fig. 7) , as has been reported previ0us1y.l~ The majority of the non-leukocyte population in regressing tumors were fibroblastic cells and "transitional" cells comparable to those described for steady-state tumors.
The leukocytes infiltrating regressing transmissible venereal sarcomas were comprised of lymphocytes, plasma cells, neutrophilic and eosinophilic granulocytes, and a few macrophages. These cells were seen in various population densities throughout the tumors. Generally, neutrophils were seen in greatest numbers near the necrotic regions, as were macrophage-like cells and eosinophils. Lymphocytes were the most abundant infiltrating cell, often seen in foci of several hundred per high power field (400X). Under electron microscopic examination, many of these lymphocytes were apposed closely to tumor cells that had signs of degeneration ( fig. 8 ).
Discussion
In canine transmissible venereal sarcoma at different stages of tumor growth, the numbers of infiltrating leukocytes, spindle-shaped cells, and collagen are correlated more with growth status than with age or volume of the tumor. Also, round cells decreased in number as the tumors regressed-becoming increasingly sequestered into small nests of cells, Necrotic regions were seen in progressing tumors as well as in regressing tumors, though not as frequently in the former.
Tumors entering the steady-state growth phase have greater relative numbers of spindle-shaped cells, suggesting a possible differentiation process from round to fibroblastic cells, structurally and functionally as described previously." In the 26 tumors examined, increasingly greater numbers of cells in apparent transition, i.e., sharing morphologic characteristics of both round and fibroblastic cells, were seen as the tumors went from progressive to regressive state. From the extensive degree of collagen synthesis obvious in regressing tumors, in situ differentiation of tumor cells rather than infiltrating host fibroblasts may be responsible for this process. Intracellular collagen in "differentiated" tumor cells was seen ( fig. 7) .
There are two possible explanations for the occurrence of intracellular collagen. Collagen synthesis may occur intracellularly, and collagen may be taken up by cells for degradation. An earlier report on transmissible venereal sarcoma ultrastructure interpreted the occur- cytosomes (v) . Bar = 1 pm. endoplasmic reticulum filled with moderately electron-dense material. Bar = 1 pm. dense, irregular, and shrunken from nuclear membrane. Tumor cell cytoplasm appears vesiculated. Bar = 1 pm. rence of intracellular collagen in terms of the first hypothesis. l9 Intracellular collagen fibrils were contained in vacuoles. It is held widely that collagen fibrillogenesis from tropocollagen precursors occurs at the moment of extrusion from the cell.'' Experimental evidence in mammalian wound healing and uterine involution studies suggests, however, that degradative processes provide another explanation for the presence of intracellular collagen. It was proposed that the non-lysosomal, extracellular collagenase described previ~usly'~ is responsible for partial collagen degradation, and the semi-digested remains are ingested by phagocytic cells. 35 Electron microscopic studies of involuting rat uterus, plus acid phosphatase studies of the same tissue confirmed this activity.26 Other inves-tigators working on a similar system felt that fibroblasts and not macrophages were responsible for such activity morphologically in this tissue.23 These cells resemble the fibroblastic cells in regressing transmissible venereal sarcoma. Both have abundant rough endoplasmic reticulum and Golgi's complex. Considering the rapidity of tumor regression and the general lack of macrophages found at any time in transmissible venereal sarcoma, we believe that the "differentiated" tumor cells may perform either formative or degradative functions.
Previous studies on the degree of lymphoreticular cell infiltration of transmissible venereal sarcomas have shown greater populations of cells in the peripheral portions of the tumor. 38 Recently, infiltrating lymphocytes have been shown to consist primarily of T cells in regressing tumors: Most infiltrating lymphocytes were similar morphologically to those described in other tumor systems.' In this study, lymphocytes were found to be associated closely with tumor cells with signs of degeneration ( fig. 8) .
Some investigators still feel that even though close spatial relationships between tumor cells and lymphoreticular cells are found, it does not prove that toxic lymphocytic effects capable of retarding tumor growth are present.32 Others believe that deep invaginations of tumor cell cytoplasm by lymphocyte cfioplasm indicate a cell-mediated (toxic) immune response." This latter view is supported by work with Hodgkin's lymphoma, in which the tightness of lymphocyte apposition to Sternberg-Reed cells and the microscopic changes that occur in the latter demonstrated a toxic reaction.' One interesting consequence to tumor-leukocyte interaction was the apparent phagocytosis of granulocytes by tumor
cells. Phagocytosis of infiltrating leukocytes has been
propo~ed'~ as a way in which some cancer cells may improve their chances of survival.
Lymphocytes were seen encircling small vessels in the tumors of different growth states. This could be interpreted as emigration from or specific aggregation around the vessel. Studies on patients with breast carcinoma had this aggregating phenomenon, which had direct correlation with positive mixed lymphocyte-autologous tumor cell culture.24 This perivascular aggregating phenomenon is considered unc~mmon,~' but we have not observed lymphocytes in the act of emigration in this study.
Eosinophils were encountered in all tumors, and often were seen associated with lymphocytes and tumor cells-at times simultaneously. Eosinophils have been reported infrequently as infiltrating cells in t~m o r s ,~~*~' and were identified here by the presence of large, azurophilic-specific granules. 17*28* 37 The mechanism responsible for eosinophilia in transmissible venereal sarcoma is unknown. This may be due to a tumor-associated eosinophilotactic factor such as described previou~ly.~~ Round cells, when packed loosely as in sub-16day t u r n~r s '~ or in some regions of older tumors, had great increases in the length of cytoplasmic processes. Long filopodia, similar to those seen in cultured transmissible venereal sarcoma cells were seen ( fig. 5 ). Conversely, closely packed cells had considerably shorter villi, resembling those found in some of the non-Hodgkin's lymphomas.' One theory of how tumor cells escape detection is that they shed antigen via small fragments of plasma membrane.2. 3* Considering both the length and extent of the numerous cytoplasmic processes on transmissible venereal sarcoma cells, it is possible that dissociation of these processes from the cell body may provide a shedding mechanism. Free villous fragments and the most extensive microvilli are seen in loosely packed cells, which may render the cells susceptible to immune-mediated recognition and destruction.
Serum from transmissible venereal sarcoma-inoculated dogs which have progressively growing tumors contains a specific transmissible venereal sarcoma tumor-associated antigen.25 This antigen reacts specifically with leukocytes from tumor-bearing animals.I6 The present morphologic study shows a possible mechanism for shedding, and further studies on immunospecific localization and mapping of tumor-associated antigen are currently underway to further define mechanisms by which transmissible venereal sarcoma escapes the host's rejection mechanism.
